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[Ms  is  a  translation  of  an  article  by  G.I*  Marchuk,  in  Trudy,  Inst, 
Pit,  Atmos.,  No  2,  1951;  CSO:  46l4-N ] 

The  atmospheric  thermodynamic-hydrodynamic  processes  can  be  eondi 

tioaally  classified  as  large-scale  and  small-scale  processes.  The  larg 

scale  processes  have  characteristic  horizontal  dimensions  of  the  order  ■ 

several  thousand  kilometers  (extensive  cyclones,  anticyclones,  pressure 

ridges  and  others),  the  processes  of  small-scale  of  one  hundred  kilomet 

The  large-scale  processes  characterise  the  basic  states  of  the  atrnosphe 

circulations,  then  against  a  background  which  depends  on  that,  there  oc 

the  small-scale  meteorological  processes,  which  define  the  character  or 

the  weather  in  a  particular  area  of  the  globe.  As  a  rule  the  large -sea 

quasi-static  processes  manifest  a  known,  trait  of  stability  and  are  able 

a  certain  sense  to  be  the  object  of  an  independent  investigation.  The 

H 

small-scale  processes  are  more  mobile  (active),  tjey  are  defined  by  pro 
of  the  large-scale  and  generally  speaking,  they  are  not  able  to  be  cons! 
independently  of  the  neighboring  synoptic  conditions. 

For  a  study  of  the  dynamics  of  atmospheric  phenomena  there  is  she 
the  necessity  of  constructing  some  mathematical  theory  which  would  most 


completely  reflect  the  physical  aspects  of  the 


The  laws  of  t 


hydrodynamics  conformed  to  the  atmospheric  condition  permit  me  to  write 
corresponding  system  of  differential  equations,  more  or  less  completely 
describing  the  character  and  evolution  of  the  field  of  meteorological 


elements.  However  for  a  long  time,  there  was  no  success  to  mention  wit 
equations  of  hydro- thermodynamics  used  directly  to  precalculate  the 
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A  step  in  the  development  of  meteorological  methods  of  prognosis  of 
the  weather  was  taken  by  I.  A*  Kibel  in  1940  [2j.  Introducing  a  charac¬ 
teristic  scale  for  the  investigation  of  synoptic  processes,  1,  A.  kioel 
showed  that  such  motions  are  quasi- geos  trophic.  This  allowed  him  to  r  aw 
what  was  non-essential  to  meteorology  in  the  solution  -  the  sound  and  grew 
waves.  The.  idea  of  Kibel *s  on  the  construction  of  a  theory  of  short-rain 
prognosis  or  tne  weather  on  the  basis  of  the  quasi  geostropnic  ew.ptes~iu^. 

y  by  meteorological  researchers.  Thanks  to  a  seise- 
polytropic  model,  one  succeeded  in  writing  basic 
in  a  rather  simple  form  either  for  the  earth's  surfac 
l  the  atmosphere. 

In  1949  there  was  published  a  work  of  A.,  M.  Obukhov  [4j,  in  which 

the  author  constructed  .an.  equation  and  gave  his  solution  for  the  change  >" 
respect  to 

pressure  with/the  convergence  of  mass  in  a  baro tropic  atmosphere. 

In  1939  Ross  by  [9]  and  in  1940  Hurwitz  [3]  developed  through  a  stu-' 

of  the  processes  of  large  Scale  a  method  of  small  perturbations,  using 

the  well-known  meteorological  fact  of  the  existence  of  a  primary  West-Ea, 

'!  a' 

flow  of  air.  They  obtained  only  the  velocity  of  displacement  of  ass?  iso¬ 
lated  harmonic -wave. 

In  1S43  there  appeared  the  work  of  E,  K.  Blinova  "The  hydrodynamic,, 
theory  of  pressure  waves  and  centers  of  action  in  the  atmosphere”  [1J,  iv 
which  the  author  succeeded  in  obtaining  a  solution  of  the  general  probit. 
of  weather  prognosis,  proceeding  from  the  combined  solution  of  the  line; 
ed  system  of  hydrodynamic  equations.  The  basic  atmospheric  center's  of 
action  were  obtained. 

The  aim  of  the  present  work  is  a  study  of  the  cLfegfetsd-on  processes 
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a  r,  en  “ 

tha/ldis turbances  at  the  level  of  the  1000  mb  surface  as  well  as  at  h 


levels,  and  with  this  to  elucidate  the  interaction  of  the  processes, 
that  develop  at  different  levels  of  a  baroclirtic  atmosphere 0  Cotisid 


our  basic  problem  the  elucidation  of  the  qualitative  . 
7 ie  pi&fftjTiarl 

mechanism  of  '  ...  of  the  disturbances  we  limited 


.  S  p  CCtS  O  X 
ourselves 


the 

in  t' 


investigation  to  a  study  of  large-scale  processes  only,  for  which  th 
geos trophic  model  of  the  wind  could  be  used  with  success » 


The  principal  interest  in  the  work  is 
equations  that  describe  the  surface  process 


given  to  the  deduction  o 
f'fic  pc-6r!  T> 

of  . '  "  ’  r  of  a  thermo] 


disturbance  with  a  consideration  of 


the  basic  factors  of  a  baroclini' 


mosphere*  In  the  work,  questions  related  to  the  stability  of  the  sol: 
of  the  equations  of  thermo -hydrodynamics  conforming  to  an  atmospheri* 
were  considered;  criteria  for  the  stability  of  the  solution  of  the  e< 
were  obtained  depending  on  the  wave  length  of  the  disturbance,  the  cl 
of  the  Coriolis  parameter  with  latitude  and  the  vertical  profile  of  • 
velocity  of  the  West -East  flow.  The  role,  of  the  factors  of  the  hori: 
macro turbulent  exchange  on  the  stability  of  atmospheric  motion  was  c< 
sidered.  There  was  obtained  criteria  of  the  stability  of  the  soluti< 
the  equations  of  hydrodynamics  by  the  calculation  of  the  factors  of  i 
turbulent  exchange « 

In  the  present  work  we  did  not  make  it  our  aim  to  apply  the  re; 
directly  to  the  prognosis  of  weather.  We  consider  this  as  a  later 
problem,  to  be  the  subject  of  a  serious  study. 

In  conclusion  we  notice  that  we  investigated  in  detail  the  case 
polytropic  atmosphere.  This  was  done  in  order  that  the  simple  qualit 
aspect  of  the  matter  would  not  be  hidden  by  the  unwieldy  calculations 
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Derivation  of  the  Basie  Equations 


In  the  present  paragraph  we  set  forth  Che  derivation  of  the  basic 


equations  or  tnermo-hyurocynamics  o 


m  £1  0  C1C O Cl  mic  3. 


•  7  /  coordinate:  svs  teni 

(/  *y 

CZ  the  earth's  surface,  in  such  a  way  that,  the  X-  axis  is  directed  towarc 

the  east  along  a  circle  of  latitude.,  the  to  axis  along  a  meridian  toward 

<1 

the  earth,  and  the  7  axis  is  directed  vertically  u  PW&jCdS*  ill  uL\C. 

,y 

adopted  coordinate  system  the  equations  of  motion  of  air  masses  in  the 
atmosphere  can  be  written  in  the  form  of  Cromeko, 
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where  U-  .  '/  are  the  components  of  the  velocity  vector  along  the  yf' 
xis  respectively;  /J?  is  pressure;  i£ 


ana  A  a 


he  density; 
/ 


V’  is  the  acceleration,  of  the  gravity  force;  ,/i  -ss2XiJ  sin  <s'  is  the 

// 

Coriolis  parameter;  £.<7  is  the  angular  velocity  of  the  rotating  ear th, 

X  —  7  U  // 

(j>  is  the  geographic  latitude  of  place;  -fry  —  is 

/  J  -*  ,j  -j 

O 

the  vertical  component  of  vorticity. 

In  equations  (1)»(3)  the  terms  that  contain  the  vertical  component 
of  the  velocity  vector  were  excluded  from  the  consideration  for  being 
values  of  a  higher  order  of  smallness f  The  system.  (l)-(3)  is  supplemented 
by  tun  equation  of  eontinutiy 
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(4) 


With  the  aim  of  obtaining  a  formula,  convenient  for  practical  work,  we 
shall  pass  from  independent  variables  X/ jp  >  ?>/  to  new  variables 

>  P  J~ ^~{  *  Here  the  sign  J  by  the  new  independent  variables  in¬ 

dicates  the  fact  that  the  subscripted  equality  takes  place  on  an  isobaric 


surface  <.  p  c=sr .  constant. 

The  transition  from  the  original  system  of  coordinates  ( ~t ) 

to  the  new  ones  ,  Jp2)  is  carried  out  by  means  of  the  transforma¬ 

tions: 


2  _  2  —  2 
jy'/  jy  j*  jp 


2  ^  2  _  22  2 

y  y  v  y 

J_  J  2  „  J  __ 

Jtj  jt  .j-r  j/> 


Further  on  the  *  of  estimations,  one  can  show  that  the 

following  expressions  of  correlation  take  place 

ipl  «  22'l  i2'L  _  i-TL  2=2-  *  £2- 
Jt,  jt  *  “  0*  >  OJ 

As  a  result  equation  <7>  may  be  written  in  the  new  coordinates  as: 

»>  2  f€  *  v^2  *4>-  -  j*  2* 

A»  indeed  in  the  oev  coordinates  tbs  equation  o£  stetios  takes  the  farms 

2j  -  -  XT 

The  equation  of  the  heet  £1™  in  the  ue»  variables  is  aritteu  in  the  folio.- 
ing  form: 

aoi  fi  -r  tc~T  •/•  y-  ( ,ra~-2  J  w  -  (2  -tu  2$  +  i'22 j  2 
(1C"  Jn  J2  2'  e>/'  fy'J  cs* 


fcv)3 's 


22 
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vertical  mass  flow  'at  the  top  of  the  atmosphere. 

In  our  adopted  designation,  the  boundary  conditions  for  the  systems 

(11) -(13)  shall  be  written  as 


(14)  jW/;J 


/"VLt  0 


For  2. 


initial  data  it  can  be  given  for  example,  as 
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iA  . 

<y  o 


r  ,  $ '  >  $ J 


f)  i/i/ 


From  equation  (14)  there  can  be  obtained^'  W 


(16)  j‘Y 


r,  J  'll* 


•>  /  p  * 


+?&  J  ^ 


Substituting  (16)  into  (12)  we  shall  eliminate  the  vertical  veloc 
from  the  equation  of  heat  flow. 

Cot'll 

In  the  resulting  equations  (12)  and  (13)  x<re  find  ^  and 

if  the  second  of  the  boundary  conditions  (14)  could  be  explicitly  expre 
through  7  and  /  .  It  turns  out  that  it  is  possible  to  do  this,  i 

a 

this  purpose  w a  integrate  (id)  throughout  the  whole  atmosphere,  then  we 
obtain  the  integral  relation 

an  f'lz,**  +  i  {}‘  ri  )Ji~° 


which  then  will  play  the  role  of  the  missing  boundary  condition  for  th 

system  (12),  (13).  We  integrate  the  equation  of  statics  (13) 

‘An  analogous  formula  was  obtained  by  M.  E.  Shvets  in  1941,  [5J. 
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(18) 

/7 

2  7 

X<f, 

topography  of  tho  1000  at  surface 
differential  aquations  for  de- 


J  [  it?  *  J  <}' *9)  +  }  <tf~o 


H.  +1?b.T)- 


C2£»  /  •  .. 

j  -  3«  #  /  7  -jr 

*  .f/  /  £  vf 


wfcifth  then  Vts  assume  as  the  basis  of  our  subs 


equen.t  cons idora tioas  < 


system  of  Equations 

7ae  *y0Km  a£  diff«r<mtlai  «<l«atioas  (18) -(20)  we  consider  in  the 
fi-8fc  *PP*<*iiw*ti©»  ia  the  following  fora: 

-  ^  X  'i  A  ‘A  <?*  }  /r  -j  \  S  */  \  . 


r 

} 

/,*  -a./  ) 

1 21. 

„  J? 

t 

u. 

5?  ,;A  < 

UJ  .c  ^  / 

<;X 

2 

171  Ji’27’£/_  27“  1=?  >' 
'jt  "  J.  L  J*  ^  lx  J 

x  <x 

?  =5  j  /  -r  7  7 

x  x  7  t  *y 


(23) 


Rare  and  everywhere  else  chat  follows,  the  index  1  after the  independent 
variables  will  be  dropped. 

As  initial  data  for  the  system  (21) -(23)  we  shall  take  the 


rj  l  ^  lj;  7 


field: 


f  (■/,  u  P) 
'  * '  j  /  v1  y 


we  linearize  the.  system  (21) -(23)  with  respect  to  the  speed 


a  ox  tne  west-c 


flow.  We  let 


3  7 


7*  <f  J 


7  ~~  7'  7-  Jr/  ,/  7  7  ( /,  7  /  /,  7 ) 


7  7 


where  j  7  ,  -7/  and  ~"~t  are  known  functions  of  -v/ 

A  V  __  _ _ V 

So  far  we  have  assumed  by  this  that  the  zonal  fields  >  and  ~/~  sat' 

<■  7 

the  equation  of  status"' 

77 _  A7  7" 

77  7  >’  7 


i hen  from  this  equation  a  relation  is  developed  between 
-•d  7J  and 

7  7 


_A  f  ih 


and  / 


ST  7  p  7  (£J  ) 

f?  4  1  7/  / 


ouos tituting  (25)  and  (26)  into  (21) -(23)  and  neglecting  the  smaller  quan 
titles  of  record  order,  we  obtain  the  following  linear  system  of.  differei. 
tial  equations: 
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icmplete  .determination  of  the  problem  we  add  to  the  linear  syst 


(25) “(28)  the  initial  data 


o- 


/  /  h  /  J  /  t/  J 


The  solution  of  the  system  (27) -(29)  we  shall  seek  in  the  rolrowi 
manner:  first  we  find  the  solution  of  the  system  (28) ,  (29)  for  the 

initial  condition  (30),  computing  the  known,  function  (  //  c//  L  J 

ey 

and  after  that.  a.n  the  solution  of  (28) ,  (29)  will  have  been  found,  we  s 
substitute  it  into  the  integral  relation  (27),  from  which  we  then  deter 

ir  j  ,y.„ .  | 

mined  the  form,  of  the  boundary  function  '2#  f'X'/y'  6  / 

Considering  (26)  we  obtain  from  the  equation  of  statics 


./  /■  2/ 
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Subsequently  the  stroke  functions  under  consideration  writ 


sail  substitute  (31)  in.  the  equation  of  heat  influx 


result  we  arrive  at  the  fol lowing  differential  equation,  of  second 
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order  'for  the  de termination  of  the  function  y  ('/  If.  f  ~f) 
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Here  we  have  introduced  the  definition 

//-=-  -i3 

ft?  ) 

The  function  j j  /  represents  the  velocity  of  the  west-east  flow.  Ir 

t>  /  /  5 

diagram  1  is  shown  the  average  climatic  value  of  the  function  C'  t  \l  /  r< 
winter.  In  equation  (32)  we  shall  change  to  a  new  independent  variable  1 
means  of  the  formula  (J  t  {  J  -  Then  the  equation  (.32)  take  s  the  f< 


(represents  the  velocity  of  the  west-east  flow. 
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The  initial  and  boundary  conditions  of  equation  (33)  will  be: 


y  / 


/;  (y,j,  y/ 
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The  solution  of  equation  (33)  we  shall  seek  in  the  following  manner:  we 

.  /  ■'}£  A 

differentiate  by  U  both  parts  of  equation  ( 33)  result  we  obt. 

a  differential  equation  of  third  order. 
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Subsequently  for  the  sake  of  simplicity  /  £yJ 

designate  by  f  (~//  j f  &  ) 


we  shall 
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satisfy  the  differential  equation  oi  nrst 


OTTCiCilT 


(36) 


2 


~r~  i 


u 


f  p  / 

7? 


-  o 


rhe  total  integral  of  equation.  (36)  has  the  fora 
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V7a  consider  the  following  facts:. 
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but  from  another  &sp*<kf  by  condition  (34)  there  follows  that 
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the  differentiation  is  carried  out  only  wit  ft  respect  to  tne  par  ante 
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equation.  (33)  A  readii'j 
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(38) 


r°  .jV'i xv, ay  , 

i )  +  v J  &  -  '  Jv-*- 
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J  _ _ _  t 

where  Q(%p'~t)  la  an  arbitrary  function/1  y/ssX~£/fr  and 
(y{ l)~  (/ j i~j  •  form  of  the  arbitrary  function  is  determined 

by  the  second  boundary  condition  (34)  but  first  we  shall  turn  our  atten¬ 
tion  to  the  xol, lowing  circumstances.  Up  till*  now  we  did  not  fix  the 


form  of  the  arbitrary  function  (J  ( </  )  ,  but  we  considered  it  arbit¬ 
rary.  By  this  it  was  privately  assumed  that  f(U)  is  a  simple 
[single  valued  or  ORC]  function  of  its  argument  (where  \f  { U)  tg  the 
inverse  function  of  {J [ f )  ).  However  in  real  atmospheric  conditions 
the  function  /  f  U)  ,  generally  speaking,  is  a  multi-valued  func¬ 


tion.  It  is  natural  therefore  that  (33)  cannot  give  the  solution  of  the 
problem  in  all  of  the  interval  O  ~~  f  ~  _/ 

It  is  easy  to  be  convinced  perhaps  that  the  difficulty  mentioned 
could  be  easily  overcome  by  a  simple  method.  In  the  solution  (38)  we  re¬ 
turn  to  the  old  independent  variable  /  .  As  a  result  we  obtain  the 

solution  of  the  problem  good  for  the  whole  interval  of  the  change  of 


If  now  to  take  into  account  that,  as  a  rule,  [/  {  /  )  "  O  2 


2.  . . .  . . . 

Strictly  speaking,  Up  is  a  very  small  value.  Therefore  it 

can  be  considered  that  (JIO^O  approximately  although  this  suggestion  is 

net  essential,  for  one  can  from  the  very  first  consider  [/( j)-  Uf  ^ Q 
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then  frens  the  limiting  condition  (34)  it  follows  (%>}}  (%■ 


v.Sj  the  solution  of  the  problem  will  have  the  form 


> )  o  y 


■J  u.f  )  4./JIO  j  ?J-?yr  r-( 


/  r //,-/■ 


/ 


X  - ;r  ‘  '  Jv /f**/ 


Vt:  shall  recall  tihfifc.  ve  &3SUHGd  ^  Is  &  icaowth,  function  o*  the 

coordinates  and  time,  although  in  fact  its  fort,  is  not  completely  known 


It  was  mentioned  above  that  the  form  of  the  function  5>, 

-■/  ■'/ 

could  possibly  be  determined  by  the  integral  relation  (/j?) -  For  this, 
purpose  wa  substitute  (39)  under  the  integral  sign  in  (27)  and  we  shall 


carry  out 


the  necessary  operations  of  differentiation  and  integration. 


Then  for  the  definition  of  IX  we  obtain  the  following  Integra- 


dif  '£  e  r  0  n  t  i  a  1  a  qu  a  t  ion; 


(&  y  2  ^  ji  ^  ^  ^ 


/ 


/  /  /  - - ^ 


(40)  /  /  f 

/  /:.v  /  /r* 


d  (  j.L  x «W  /V*  inf{) 


j  (/(p  Ji  ,  ir  -  j  (/z(.f)o/f 

f  . ,  '  //f 


//-  V 


f/  ,  /  J  / 

/I  ■“  di  i  T?  ^ 


UlVfy)+fJh 


Vj4  differentiate  (40)  by  t  .  Then  we  obtain  the  fundamental  equa- 

£sf  _ 

tion  for  the  perturbations 


(A  i) 


fj?2 


i5'  +77- J*  )s~ 

xJr'-  u  jx7~ 


*d  fj. 


-f~4£~s  fz 7  -+£/«—,  A, 
/  "V*  w  J’X /J?-? 


where  ^ 


^  44 

3& 

/  ^  / 


sad 


,.  ,  rr  .1££S*j’‘''->/  -> 


A 


Xha  initial  data  for  aquation  (41)  will  be: 


(42) 


;9°  /£’- 


/t~-0  -  f<i(.J.a) 


/ 


<£^3  <2  / 


-z/  ^'c?v4s-(’  joj-* 


(V/ 


For  c  Q  the  second  of  the  relations  (42)  is  an  immediate  result 
from  (40  )., 

In  such  a  manner,  the  problem  of  the  position  of  the  disturbance 
of  the  heights  of  the  1000  mbs  surface  reduces  to  the  integration  of 
the  differential  equation  (41)  for  the  initial  data  (42).  Before  pro¬ 
ceeding  directly  to  the  solution  of  the  problem  which  has  thus  been  de¬ 
veloped.  let  us  consider  the  following  useful  fact,.  In  the  case  where 
the  atmosphere  both  ins  tan fanesously  and  in  its  average  state  is  poly¬ 
tropic  i.e.  when  the  temperature  of  the  air  particles  with  height  falls 
according  to  a  linear  l#w: 


T=  4-/j 

T-T~x 


16- 


p 


bountrori  (4i)  is  ccx\£x.cic'jr£.biy 


(44) 


[  v  ,  7 /  £b  /  /  /  '  ■  '  f /  \  A  c> 

— .  .  /'  {,/  ,  -  t  </  '■,-■/?  /  ~  ~  sf 

?-  i  './  i/  y  /  C"' 

'^7  4  -  >*  *  *  ^ 


A 


simplified  and  assumes  a  form 

/A  /  7T  -A-  / 


T'  )  ,, 


„■  s- 


L- 4i.0  iO  J.  .L 


,  A?  /  ■ 

4  7^  ^  1 


i  7,  (.)  \}  4  id>  J.s  O  j. 


hypothesis  of  polyfcropicity  of  the  atmosphere,  tempera 
are  connected  by  the  relation. 


t ur e  and  p r e s sur e 


/0 


-(4 


r 


A 


.L 


/ 


j  - 


where  A 


i/t  / 


7 


J 


7A,/ 


The  a  the  tearo tropic  '  fom  will  have  the  appearance 


'2 


:jo 


1 ,y  / 

/  /  V 

A 


A  /<o 


,5  a: 


and 


745 ' 


4 


/V  /  r 


>V/ 


fy-' 


l  u 

7  f 


( /  *— '/  ■  y 

■f-  ££*  i  /-  / 


By  means  of  using  the  second  relation  of  (45)  we  obtain 


(46) 


■where 
of  (45) 


(H/j 


Prom  (4 


/./>  (A 


//  ,///// 


t. ft. e  6 5 * p r e ssi ou 


A  <U?  { 


A*  ,/£ 


A 


.  Eliminating  from  (46)  and  the 

.  /  /’  *'■  y  WO  ohtl.etl.XiS 

"  i  7  y  / 


rolai 


.41. 


.A  rf  A 


75/  .. 
"<7 


7)  it  follows  that  in  the  polytropic  atmosphere  the  perturba¬ 


tion 


ts  of  the  absolute  topography  of  isobaric  surfaces  are 


linear  function  of  the  relative  velocity  of  the  west-east  flow, 
all  derivatives  of  A  by  (J  above  the  first  reduce  directly  to 
equation  (41)  takes'"  the  form  (44)  , 
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The  poly tropic  atmosphere,  although  favored  for  its  simplicity, 


represents  a  highly  crude  modal  .. 
example  of  the  stratosphere),  ther/to/f~'vr*  ■ 


.incorrect  if  speaking  for 


we  wil1  conduct  arguments  for  the  general  case  of  a  baroclinic  model  oi 
the  atmosphere „ 

**.  the  intercependen.ee  of  the,  fields  of  meteorological 
elements  on  various  atmospheric  levels  in  th e  thermo - 
hydrodynamic  process 


Gin-;  of  the  fundamental  jr  ob  leans  .of  theroetical  meteorology  is  the 
investigation  or  the  question  concerning  the  interaction  of  hydrodynamic, 
processes,  developing  at  various  levels  of  the  atmosphere.  The  establish 
ment  or  such  an  internal  connection  for  the  general  baroclinic  model  of 
i.he  a  tries  peer  e  at  fords  the  possibility  of  determining  the  basic  pecul¬ 
iarities  of  the  mechanism,  of  changes  of  pressure,  temperature  and  vortex 
rormatxon  taking  into  account  the  kinematics  and  dynamics  of  atmospheric 
motions  for  this  purpose.  For  an  investigation  of  the  present  question, 

’e  sha3i  Proceed  from  an  analysis  of  the  solution  of  equation  (40)  of 
the  preceding  section. 

The  general  solution  of  equation  (40),. which  satisfies  the  initial 
data  (42),  valid  for  any  moment  of  time,  has  a  form  so  unwieldy  and  large 
for  the  determination  of  qualitative  inquiries,  that  we,  from  the  very 
beginning,  must  reject  an  investigation  of  it  for  our  purposes,  but  at 
first  we  must  go  after  a  simpler  and  clearer  method  of  analysis  of  the 
soltLiOiis  here  the  dlsucssion  goes  about  such  a  transformation  .of 
equation  (42),  which  would  directly  connect  the  hydrodynamical  charac¬ 
teristics,  which  interest  us,  with  the  field  of  meteorolological  ele¬ 
ments  in  the  whole  thickness  of  the  atmosphere.  In  the  nature  of 
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BXBSii.Tj.aCi  hy d r o dyn an ;  1  c  quantities  let  us  take ;  for  example.?  the  vertical 
component  cf  vorticity,  the  pr  incipal  part  of  which  is  in  the  geos  trophic 


a  o  or  ox  x sss  t  x  on 


#  a 

I'  /  V  X 


and  the  meridional  component  of  vertical  velocity 


tf  >0'/ 


Equation  (42)  can  be  transformed  to  the  form 


/  M) 


H 


/^/ 

d*  /  -/r' 


J  i-a 


-A.  A 


,et  us  obtain  the  first  integral  on  the  right  side  of  (48)  by  parts.  A? 


a  result  we  obtain: 


/  <:)./L  /  ,  6j  ,/4  / 

I  -r->  L,(a/C-U 


A/u  „  T? 


//,  ///t/ 


/  /  4}  _  ->  />  /  /  f  hs 

where  i~~  >  {-//“*  ,)  f  ,  t-2~v\  f  (  J 

*  \i 

the  influence  functions  of  the  corresponding  hydro-dynamic  factor 


It  is  immediately  clear,  that  the  influence  function.  /./  /.J  j 


motion  of  height  and  therefore  characterizes  the  contribu 


tion  of  disturbances  in  the  vorticity  field  at  various  levels  of  the 
atmosphere  to  the  local  change  of  the  vorticity  field  at  the  earth's 


hirst  of  all,  we  are  Interested  in  the  question  of  the  qualitstiv 


character,  therefore  here  and  everywhere  in  the  future  we  shall  consider 
the  specific  distribution  of  the  west-east  advecuion  velocity ,  more 
characteristic  of;  the  temperate  latitudes  of  the  earth  (one  can, 
ei-utiio]  a,  study  the  climatic  value  of  the  west-easi:  velocity  ox.  £.lxw  at 
latitude  50CH,  figure  1)„  In  figure  2  the  influence  function  L  /  { v,  // 


is  given. 


is  given. 

The  graph  of  the  function  l~i  ^  if  t  Pf  )  shows ,  that  local  time 

changes  of  vorticity  at  the  1.000  mb  surface  depend  chiefly  on  the 
character  of  meteorological  elements  in  the  lower  and  middle  troposphere. 
Per  this  we  see,  that  disturbances  in  the  vorticity  field  in  the  tropo¬ 
sphere  and  lower  stratosphere  exert  an  opposite  influence,  with  respect 
to  sign,  on  local  cyclogenesis  at  the  earth* s  surface* 

However ,  it  follows  that  wo  turn,  out  attention  to  tne  fact,  tudt 
a  direct,  evaluation  of  the  series  of  quantities  in  equation  (AO)  shows, 
that  the  effect  of  the  factor  of  the  deflecting  force  of  the  earth’s 
rotation  is  important  only  for  large  scale  disturbances. 

Now  let.  us  consider  the  question  concerning  the  local  change  of 
vorticity  at:  any  level  of  the  atmosphere.  For  this  purpose  let  us  take 
advantage  of  the  solution  (39),  with  the  help  of  which. we  shall  obtain 
the  equation  for  vorticity  at  any  atmospheric  level 


r\  - 


JU  -h  U  J/ 

Jc 


Y  Y>°  dt-  + 

=  j  u  -h  o  j  y  J,  L  1 

f-V  rj‘ )  j  do  /  ,  ?(■  viXdiO/ 

'  ~7n  chf  ~f~  U  T77  J  / 


-20- 


.  _*■  ,  j_  /err:''  v  •  - 

l.iC  U  U  S  SiX,  I  .L  0  1  J-  £■■  L-  t-  »T  )  V$ X.  nn  i-i 


' *±TiO-  l,  t/  uc  ij*s~  6 c^ii <3, c i. o n  »_ *^rO  y 


respect  to  L- /  *  then  iat  us  put 

As  a  result  we  obtain: 


•.  '-./ 
<s 


!  j-f, l.  / 

/"  /  ~  /-a  y/V  "v'/ 


I ■■  /  "-—'  <1-  /  f  /  /  y/j 


.  Jis 


/.,>.  ///7 


whe  r  e 


-  hr-  b 

/  <  *•"  J 


'4  >  "/ 


'“1  >flt 

J  TV/ 

i 


(  /  > 


/  n  . 

I  v  / 


i> 


/(  7s 


A 


V  b 


V  /■] 
V ..  /  l- 


The  first  terra  on  the  right  side  or  (51)  (/  h  -/ 


d e s c ribe s  1 o c  a 1 

c/cioeenesis  at.  the  given,  level,  at  the  expense  of  vor treaty  along  lati¬ 
tude  circles „  The  second  and  third  terms  describe  the  effect  o*.  d> -iaLjx< 
factors,  on  the  whole,  connected  with  the  redistribution  of  the  energy 
cf  the  disturbances  by  vertical  currents  from  these  atxnospnerxc  revels 

arid  others  and  by  the  meridional  outbreaks  of  air  masses.* 

f  /  ri  ,  )  . 

The  orach  of  the  influence  function  id,  /y  j  *■*>  g-tveu  xn 

X  _>!(.’>  i.  *d:  \  ^  7  * 

the  aranh  of  the  influence 


UA  i 


Before  turning  to  the  drs cussio* 

f-  ■  -  - ...  t  i  on  /  i  i  //  /  let  us  carry  out  some  mves'i-ag^ii-ion^,  ocym 

. .  i-v  j  -'  ■> 

ino,  the  individual  time  derivative  of  the  vortieity.  Making  use  oi 

expression  (51),  let  us  form  the  complete  derivative  of  vortieity 
,;•/  J  L-/j 


is  immediately  clear,  that  m  the  linear  approximate. on 


part  of  the  individual  derivative,  with  respect  to  time,  o 
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vorticifcy  is 


presented  in  the  following  form: 


$t~  .)<■ 


/•  > 


then  from  (51)  we  obtain: 


(52) 


the  _  f'irO-  4  (iti)efri  +  /  k-4  <>() 

f'fy  J &  ^  ^  2 1 w 


c/// 


ilysis  of  the  function  ■’  /[  ) 


Analysis  of  the  function  £~?j  C  V  f  /  shows ,  that  since  the 

second  term  in  (52)  does  not  depend  on  height,  for  which  the  calculation 
of  was  derived,  then  the  change  of  the  individual 

derivative  of  vorticity,  from  level  to  level  in  the  atmosphere,  will  be 
characterised  just  by  the  influence  function  /,^  (fft( )  * 

The  form  of  the  influence  function  /_  $  shows,  that  the  solitary 
concentrated  influence  of  the  substance  4 p/  at  a  given  leve. 

in  the  troposphere  gives  rise  to  local  changes  of  the  vorticity  field 
of  one  sign  in  the  layers,  situated  below  this  level  an d  also  in  the 
stratosphere,  and  of  opposite  sign  in  the  tropospheric  layers  above  the 
consider® d  leva 1 . 

Let  us  turn  to  the  consideration  of  vertical  currents  in  the 


atmosphere. 

Vertical  currents  are  a  component  part  of  the  mechanism  of  the 
general  circulation  of  the  atmosphere.  With  the  help  of  vertical  currer. 
the  redistribution  of  air  masses,  kinetic  and  potential  energy  from 
one  level  to  another  takes  place,  depending  on  the  specific  distribution 
of  the  thermobaric  fields  throughout  the  thickness  of  the  atmosphere. 

For  the  calculation  of  the  vertical  currents  let  us  take  advantag 
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(53) 


i&Uffii  furcation,  w .it ten  in  the  following  form: 


cUl  ,  >  • 

.  T  •  -:<■  j  - 

j-l-  ‘ 

a  5-  » 


*"}  I 

K  *  vf 


et  «s  integrate  it  with  respect  to  j  with  the  boundary  condition 


r  IV  , 
J  ,<( 


Then  w®  obtain 


p  (  (  (v'l  j  j  -  I  .  /  f 

X  4  7-7:  t  ( 

7-  i  J 

V  V 


m/ 


but  from  (32)  it  follows,  that 


1  )  ;\>.J  I  U  >1  )J/i  i-  vL>  {,0 

Lih  )  yy-  L-  3  W  >  '  l  x  4  JC 


V/ 
U  K/ 

t/C 


Therefore  substituting  (55)  into  (54)  and  carrying  out  the  integration 


with  respect  to  V  ,  we  o& 


oh tains 


•  ,  -i-  }  -7  /  - — 

1  /  '**  /  /  L  J  * 


L 


where  La-  ■■ 


L  '  j 


*■  U-'O'o  JcTh 


)  h~~  ^  N^/  v  * 


From  the  figure  (4)  it  follows,  that  the  greatest  vertical  occurs 
in  the  neighborhood  of  the  level,  to  which  the  point  influence  of  the 
substance  ^Sl/jy  was  applied,  while  in  the  stratospheric  and  trop¬ 
ospheric  layers  the  vertical  currents  will  have  the  opposite  sign. 


The  graph  of  the  function  /- -7 f /, /(  )  (figure  5)  shows,  that 


the  perturbation,  in  the  meridional  component  of  the  vector  velocity  at 
the  given  level  gives  rise  to  vertical  currents  of  opposite,  signs  above 
and  below  this  level. 

How  lot  us  consider  the  question  concerning,  to  what  extent  our 
mathematical  construction  reflects  the  physical  picture  of  the  advection 
of  disturbances.  For  this  purpose,  let  us  consider,  in  the  nature  of  an 
initial  field  of  heights  of  isobaric  surfaces,  a  harmonic  wave  in  a 
west-east  advection  field. 


,s)  +  A  f  V*  «  ?-/Uf  )/^  A 

■2  ~  2  [V  1  a  L  1  a 

O  O  J 


where 


n  (»j )  the  standard  value  of  the  «sh±ghts  of  isobaric  surfaces 
U constant  for  the  whole  globe 
/I l('f')  amplitude  factor,  which,  for  its  determination,  we  shall 
consider  positive  and  damped  when  f  O 


\  2JJ 
A~  X 


,  T/t 

/here  A  —  wave  leng&fc  of  the  disturbance. 


Caking  (57)  into  account,  let  us  form  the  expression  for  _ /  L. 


■;-%v  for  ir  “  O 


As  a  result  we  obtain: 


a  L,  —  A  '/KV^ax 


.")  — ■  \  _ 

,)  X  ft*# 

Next,  let  us  form  the  equation 


vVV/  /  f)  cm  A  >' 


J 

c)C  If- 


Jo 


A  t  A/  Asr  A  x  /'A  A  aa 
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If  we  assume,  that  A  (f )  diminishes  with  height,  while  the  scale 
of  the  perturbations  has  the  order  of  1000  kilometers,  then  I  f )  and 

ft] j'  f  j  will,  as  a  rule,  also  be  positive  functions  in  the  whole  troposphere. 
Let  us  turn  to  the  analysis  of  formulas  (5S)~(62).  Let  us  assume,  that  the 
point  of  observation  is  situated  at  the  level  of  the  1000  nib  surface  f  *=*  /  . 
Then  from  formulas  (58) -(62)  it  follows,  that  in  the  front  part  of  the  pressure 
trough  {C,c{t£-)  (figure  6)  the  region  of  pressure  fall  is  situated  from  the 
center  b  tc  point  ci  • 

This  region  coincides  with  the  zone  of  increase  of  the  individual  deri- 
*»*•*+*  Ck± —  yOj  i„c,  with  the.  zone  of  cyclogenesis.  The 


vauive  of  voztlcity  ^ y  ■*■»**»  wllu  me.  i-wuc  v-j. wiw5t.ut.aiu ,  ***** 

d'  77 

region  considered,  is  characterized  by  ascending  vertical  currents. 

On  the  contrary,  in  the  front  part  of  the  ridge  of  high  pressure  {(J,  hi  C.) 

i 

the  region  of  pressure  rise  is  situated  from  the  center  to  point  £>  ,  The  in- 

J  .0 

dividual  derivative  *n  t^s  reSl°n  ~s  negative,  therefore  we  have  the 

case  with  the  zone  of  anticyclogenesis.  Thi3  zone  is  characterized  by  descending 
'  vertical  currents.  Analogous  arguments  can  be  supplied  for  other  atmospheric 
levels. 

So,  we  see,  that  our  mathematical  construction  is  found  in  agreement  with 
the  physical  side  of  the  matter. 

After  the  qualitative  analysis  of  the  mechanism  of  pressure  change  has 
been  carried  cut,  it  is  possible  to  approach  the  question  concerning  the 
search  for  the  quantitative  relations  with  the  help  of  the  integration  of 
the  basic  equation  (41) . 


The  solution 


fluatinn  for  el 


If  in  the  preceding  paragraph  the  discourse  proceeded  mainly  about  the 
investigation,  of  the  qualitative  structure  of  the  process,  then  in  the 
present  paragraph  we  shall  make  it  our  aim  to  obtain  the  general  solution 
of  the  equation 

(63)  (j£  I  ZU (iir  +Vd(he  “ ^ 
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WX  LXi  C 


(  oh  ) 


Initial  dat; 


<2J:-r 


•f-o 


f  W'p  6) 


J  ■> 

/  X 


/ 

■4? 


X 


f  (/,  X  t 


/  J  p 

fy  J 


;nail  cons S a 


that  the  earth  is  either  flat  or  has  the  form 


of  a  cyi inter 


generated,  parallel  to 


£ ££■  £ h s  g  33* rl  s  j  F u r  t. ii e r  x.  g£.  us 


assume,  that  the  initial  distribution  of  the  perturbation  rieia  can 

j ‘50 1 6  D 

be  pars sated  in  the  form  of  art; 


harmonic  wave 


(65) 


wnere 


f('X>  H }  / /■ 


A  e  , 


x* 


/  />y 


,o?X  A  c  //  i 


/  )  axe  any  numbers , 


y  /  /  CJ.XI--A 

Such  a  presentation  of  the  initial  field  is  suite  expedient  for 
the  reason.,  that  by  the  superposition  of  a  similar  family  of  solutions 
for  various  wave  numbers  it  is  possible  to  construct  a  solution  for  any 


IX*.  o.  L-  'X  "Xa  C.  ax  &  o 


(66) 


;he  solution  of  equation  (63)  in  the  form 

y  c/,  -hi)  =  Ah- 

•-  /  -X 


i/ 


Substituting  (66)  and  (65)  into  (63)  and  (64) t  we  obtain  the  foil 


lug  eo nation  and  initial  data  for  the  new  unknown  function 


/  4  7  h 

\  ^ 


r  x*  r 

}  'jZz.  /  Z/:  < 

/  C  X  l  *  L 


■  / 


/■'>  7,/  f*  )  A-  If 

r-  ]y&Mci,,)  Ll/ 


/' 

/7 

L  u 


ix  J 


X  f/). , 

—  pyjr"i/; 

rff 


27 


(S3) 


while 


4  *  c  /*■"»  t 

*/  ~a  (  "!  [(^  ^  ^ 


#"/  ,  i«fc l- iv )£»■(*)- 

ar  '  / 

-  ^>-4  F)fJ,wJ-  &4„a 


G&-  £/tt  /} 
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2<*  11063  aot  °^€r  aiiy  difficulty  to  integrate  equation  (67)  for  the 
initial  data  (68),  and  the  result  can  be  written  in  closed  form: 


£]$-£»”  (0)Cvy&-  ilpC,  (cj  -t 

■h  ( z-)  df*”/  7  ^  /v/  ^  e  1  ^  f''i~ 

r  f  d(;  /W  J  / 

t  L'  ***  (cj  _ _ 2i  __  l  dr  e 


IV /)£#?£. 


>(//;&  £.0,  7’~y  J — .  t  J  (■**/.  /w  - —  /  if*"  •  /  .vjy  \ 

7y  £/  J  r  >#■-/!/  -  [,>■  r(gj 

Equation  (69)  consists  of  two  parts.  The  first  part 

il  *=  id ioj  <•«  »f(  -  i[Fc,  «?  + 


» 2  —  # z 


P  y  ^  /** 


f~'i  a  c//,y'^ 


erves  as  the  solution  of  the  problem  for  a  poly tropic  atmosphe 


re  and  the 
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second  part  „  t.  /*&»  l  C'*1*?  t  /*  _ _ ’/v/J  \ h~~'c  J 

/  C  .  /  /  >  fci  —  e  _  ^J??7'7^  *  >,./ 

~irn  'C  aY  .  >l 

(?!,}  ,  / 

.  j*  ,  /  /■•-'-*«*  v  /  •*  ~  v 

\/  /,»>•-.  ^7  /•■£■*—(  )  £(,  i  ( 

S\  H'r  ‘‘7,  f  V-  '  •  J 

*  y 

depends-  <m  the  deviations  of  the  initial  perturbations  from  the  polytropic 

£T~ 

state  j  i.5?  ocher  words  /?  takes  into  account  tao  initial  vertical 

b&roelinicifcy  of  the  atmosphere  as  &  scute©  of  new  formations  of  atmospheric 


iet.  us  turn  to  the  analysis  of  the  solution  (59).  la  the  cs.se  of  a 
polytropic  atmosphere,  despite  the  presence  of  a  slop®,  with  respect  to 
height.,  of  the  velocity  of  the  east-west  advecticn,  the  disturbances  at 
all  levels  are  advected  along  the  X  axis  with  one  and  the  same  velocity 


U-  A 


In  fact,  has  the  following  fora: 

/v  /f  7-/-. 

,  •  -  i/f>/  u  '  zr*-  J 

*7"  ■*  //. „ h / e. 


0/‘>s> 
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/l‘sO/)  i'0~~  f/»n  i o) 


Ctn  (o)  C*a  /rn /-  if  T  £*>*  1 C'  + 


Therefore 
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So,  we  arrive  at  the  conclusion,  that  in  a  polytropic  atmosphere  the 
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advection  velocity  oi 


disturbances  has-  a  value,  different  from  that  ob¬ 


tained  with  the  aid.  of  the  Rossby  formula  L9j.  Let  us  recall,  that 
Rossby  obtained  the  formula  for  the  advection  velocity  of  a ; plane  wave 
in,  the  toil o't nut;  £oxisi 


where  [J  is  the  velocity  of  the  east-west  advection,  for  example  at 


the  bob  mb  surface. 


Xn  latter  years,  by  synoptics,  it  was  observed  I/],  that  the 
•advection  velocity  of  disturbances  did  not  agree  with  the  formula  of 
Rossby.  In  order  to  obtain  the  necessary  agreement  with  it,  the  regres¬ 


sion  coe 


^efficients  &  and  jfc>  were  introduced  so,  that 


c  -~a 


i)  +  l 


where  O'..,  and  i)  were  found  as  a  result  of:  the  processing  of 
statistical  data* 

Such  an  approach  to  the  generalized  Rossby  formula  brought  the 
value  of  the  velocity  of  transfer  of  the  wave,  obtained  from  formula 
(75),  somewhat  nearer  to  reality. 

Concerning  the  fact,  that  the  formula,  we  obtained,  agrees 
somewhat  better  with,  observations,  one  can  try,  even  so,  by  the  same 
statistical  data  produced  in  [7],  for  the  coefficients  ££-  and  J? 
From  (73)  it  follows,  that  perturbations  of  small  wave  length  are  ad- 
vected  by  the  flow  with  the  velocity  of  the  mean  advection  (/ 
Therefore,  it  is  quite  natural  to  identify  the  mean  level  of  the 
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if  • 

atmosphere  (the  level, ■ at  which  the  velocity  V  coincides  with 

the  mean  advection  velocity  [/  )  with  the  level  of  the  basic 

.  I 

f low* R  established  by  the  Soviet  meteorologist  H.  I*  i  rots  icy  . 


The. stability  of  atmospheric  motion 

The  question  of  the  stability  of  atmospheric  motion  has  already 
been  an  object  of  investigation*  In  the  first  place*  it  follows  to 
point  cut  the  work  of  N.  E.  Kochi a  [3]  concerning  the  stability  >of 
Har  gu  1  c  s  s  ur  fa  ces, 

N»  E.  Kochin  showed,  that  for  some  interval  of  wave  lengths, 
the  non- zonal  oscillations  of  liar gules  surfaces  could  become  unstable* 
This  permitted  N,  E,  Kochin  to  connect  the  mathematically  established 
fact,  by  means  of  observations  in  daily  synoptic  practice,  with  cyclonic 
formations  in  atmospheric  frontal  cones.  Thus,  one  of  the  important 
"questions  of  meteorology  —  frontal  cyclogenesis  —  found  its  furtuer 
development  in  the  works  of  K*  E*  Kochin. 

The  problem  of  the  stability  of  large  scale  atmospheric 


1It  follows  to  have  it  in  the  form,  given  by  N»  I.  Trotsky,  that  the 
velocity  of  the  basic  flow  is  not  constrained  to  be,  directed  toward 
the  east,  but  can  have  an  arbitrary  direction,  corresponding  to  the 
direction  of  the  isobars  in  the  mean  troposphere* 
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disturb acces  in  tne  zon 


zone,  of  a  predominant  west-east  wind  was  initiated 


in  the  work  of  J.  Char r.ey  [6J_?  in.  which,  the  author  established  tha  fact 
of  the  existence  of  unstable  solutions  of  the  hydro- thermodynamic  equa¬ 


tions,  winch  cescnoe  the  acx&ospnerii 


relative  to  tne  quite  con¬ 


siderable  Intel  xr&i  of  perturbation  wave  length  in  tn&  pr g.- ttut  u.-.  a 

/  / 

change  of  the  west; -east  ativection  velocity  t'  vn.cn  ueignv. 


,c  present 


ition,  wt 


ill  undertake  the  task  of  i rives; 


/  e‘i  a. X  0 1 ;  O X  t. i.  1  ti  Cl:  C 3  £)  J.  k 


l:C3tlj.0n  CODC6/ C H G  S  l. &1)  J..1 1. i~  V  O^.  C  *i\;:  -hOll/l.j-.Gkh 


the  equations  of  hydro-thermo dynamics  for  a  baroclinic  model  of  tne 
atmosphere,  proceeding  from  an  analysis  of  the  solution  (69). 

Above  it  was  found,  that  the  qualitative  side  of  the  process 
of  advection  of  perturbations  in.  .a  baroclinic  atmosphere  is  completely 
included  in  an  examination  of  the  process,  which  occurs  in  the  condi¬ 
tions  of  a  polytropic  atmosphere.,  therefore  for  our  deductions  it  is 
sufficient  to  consider  the  solution  (73):  ^ 

r  /  ,-T~  Jr  7 

/y  ~  ^  hr- 1  "  J 

...  if  ,  •  ,  /_  , 

I/O)  7  /'  t/h/t  (  t  / 


cO  -  f'“  r)  c*>'n.p.  r  -  - 

- i  fj. L,  <h -•  -  nr  ^  77 7  l-4in ■  *4  f 

/  .••/•  X-  /?V  7v-~k>  J  7 


From  (76)  it  follows,  that  the  stability,  or  instability  of  atmospheric 


motion  is  determined  by  the  amplitude  of  the  wave  perturbation 


r,  fO 


The  analysis  of  (77)  shows  that  the  instability  of  the  solution  (76)  can 


be  shown,  for  that  case,  when  the  expression 
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i  1  7  j -<l/ 
t  V  / 


.  _ a  . —  ' 

■I  U-W‘-) 


is  s.  minimum  value* 


/  f  {  '''' 

If  the  expression  */  A4’"*, 

P  t  / r 


-W-U*) 


is  reai,  then 


/I  / 7" J  '  will  be  a  function,  bounded  in  time,  in  other  votes  tno 
/~jii)rt  l  / 

solution  will  be  stable,  So,  for  the  criterion  of  the  stability  or 
the  solution  cf  the  equations  of  hydro - thermodynand cs  in  the  examined 
approximation,  the  following  inequality  serves: 


/  ) 

(  t / 
\//  * 


>  ^  ^ 


The  left  side  of  (78)  is  bound,  by  its  origin,  to  the  inertial 
factor  —  the  deflecting  force  of  the  earth*s  rotation.  Therefore,  it 
is  already  clear  from  the  very  beginning,  that  its  effect  is  signifi¬ 
cant  for  large  scale  perturbations,  which  will  be  stabilised  by  the 
effect  of  the  deflecting  force  of  the  earth's  rotation,  and  not  impor¬ 
tant  for  small  scale  perturbations,  which  in  their  development  will 
depend  on,  foremost,  the  specific  distribution  of  the  large  scale 

r  V 

perturbations .  If  we  recall  that  0 —  4^— — — >  aitt® 

‘<■6  .  . 

,  ..  /  2//  ) 

for  the  sake  of  simplicity,  we  take  y  /  ^  y  J> 


for  the  sake  of  simplicity,  we  take  y  1  ^  <-  j  y  /  , 

while  i'H  is  a  number,  which  shows  how  many  times  the  length  of  the 

wave  L-.  goes  along  the  latitude  circle,  then  we  have: 

✓  .  )  2  '  (f  X) 


tfi  V 

[Zr-J 


/  r  \  r'  )  "7j  ~  **  fi 

{  U  J  Q  a  /  '  ^ 
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ts.  ) 7- 

hence  we  see,  that  |  ’ZT1’./  decreases  exceptionally 

i/  j 

quickly  $ith  decrease  in  the  dimensions  of  the  perturbations,  therefore, 

generally  speaking,  the  inequality  (7&)  is  fulfilled  up  to  ft? f  f 

approximately  equal  to  6  or  ?,  This  naans,  that  only  the  large  planetary 

waves  are  stable,  while  all  the  rest,  are  unstable,  and  the  stability  in- 

'  6  *n, 

creases  with  (decrease  of,  latitude  as  a  function  of  t*  .  Due 

/  y?  ) 

to  such  a  rapid  decrease  of  J  for  the  increase  of  ft?  f  , 

it  is  possible  to  conclude,  chat  snail  changes  of  the  difference  [/  4/ 

show  a  comparatively  small  influence  on  changes  of  the  region  of 


stability  of  the  solution, 

1.  _ — 

In.  that  case,  when  U  •—  ft  ,  i.e.  the  west-east 

advection  velocity  is  constant  with  respect  to  height,  all  wave  motions 
ara  stable.  However  it  is  quite  clear,  that  such  a  case  is  never  realised 
in  nature. 


It  appears  to  us,  that  the  linearization  of  our  initial  equations 
was  essential.  This  led  to  the  fact,  that  the  amplitudes  of  the  small 
scale  perturbations  in  our  examination,  grew  quite  rapidly,  which  is 
found  to  be  in  obvious  contradiction  to  reality. 

The  mentioned  discrepancy  tries  to  eliminate  by  the  construction 

of  such  a  model  of  atmospheric  motions,  that,  which  would  take  into 

account  the  influence  of  the  non-linear  factors  in.  the  equations  even 

in,  its  vary  rough  presentation  —  in  the  fern  of  dissipative  (  fi,  KCC  V!  nis>  £>/  MX 
*£<£ 

■  facto:  of  macro-turbulent  displacement ,  to  the  consideration 
of  which  we  shall  turn. 

Vat  this  purpose,  we  shall  proceed  from  the  following  system 
of  equations  of  hydro-thermodynamics,  analogous  to  (21) -(23) 5 
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Tf  A3 
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)?  A  1=0 


A  /  7'  JL- 

r  '  1  l  f 

A  $ 


where 


re  V  —  the 'constant  coefficient  of  turbulent  exchange  for  the 


fields  of  vorticity  and  temperature, 


deviations  of  the  heights  of  isobafic  surfaces  from  the 


mean  zonal  state 


deviation  of  the  temperature  of  air  particles  from  the 


zonal  distribution. 

The  system  of  differential  equations  (79) -(31)  should  not  offs.; 
any  difficulty  to  integrate,  taking  into  account  the  boundary  conditions 
and  initial  data,  just  as  this  was  accomplished  at  preceding  points  of 
the  present  work ;  however  for  the  purpose  of  investigating  only  the 
questions  of  the  stability  of  the  solutions  it  is  sufficient  to  choose 
an  easier  way. 

Let  us  assume,  that  the  fields  of  meteorological  elements  ?  } 

_____  .  7 

/  can  be  presented  in  the  following  form  l 

}  ^  L'»  tr-<rtJ  ^"3 


j  ■ — *  -j  /V  a  i  u  ^  y 
7“cr  77^  ( t/)  c 


Cm 


Then  so,  that  the  function  (82)  should  actually  give  toe  solu 
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3f  the  system  of  equations  (79)-(81);  It  is  necessary  to  fulfill  the 


foilo^r.®  differential  relationships ,  relating  the  functions  J/Pn  > 

"•'T'  £ 

/  //;/'<■  * 
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(84) 
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Intagratica  of  equation  (84)  leads  to  the  solution  ^/,no  ^ie 
following  form: 


(85) 
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'Hoy.  the  determination  of  the  unknown  quantity 


<?'  .  it  fol- 


levs  to  substitute  (85)  in  (82)  and  to  carry  out  the  integration*  As 
&  result  we  arrive  at  the  following  .algebraic  equation  for  the  determina¬ 


tion  of  0 
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try  / 
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the  solution  of  which  has  the  form 


(87) 
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Analysis  of  the  expression  (87)  shows,  that  in  the  nature  of 
a.  criterion  of  stability  for  the  solution  of  the  hydro-thermodynamic 
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r-f-n n  intcaecount  the  horizontal  macro- turbulent 
exch.an.ee ,  it  is  possible  to  take  the  following: 
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A  graph  of  the  dependence  of  the  region  of  stability  on 
parameters  of  the  process  and  wave  length  has  been  carried  out  xr 
figure  7  *  From  fistt 


n 


7  it  follows,  that 

the . 

region  of  s 
«?  — — 

tab fifty  of- 

V  -- 

d  with  an  increase 

of 

.  lr 

,  it  being 

•turbatiens  of  both 

the 

larger  and 

smal 1 e r  w ave s 

ar  e  s  cat/ 1  e , 


If,  for  example,  ). 

f  y  £LJ'  " 

U  1  -  i  -  > 


<?  A'/ 

/  ~  /<? 


1*6  >;  10  /?; 


then  the 


perturbations  having  wave  lengths  greater  than  4000  km  and  lass  than 
2500  tea,  will  be  stable,  while  if  the  wave  length  of  the  distrubance 
is  contained  in  the  interval  between  2500  km  and  4000  km,  then,  it  will 


be  unstable. 

In  conclusion  let  us  note,  that  th 


e  results  obtained  relative 
to  the  instability  of  the  solution,  apparently,  prove  to  be  an  investi¬ 
gation  of  the  well  known  mathematical  stylization  of  the  problem.  We 
imagine  that  a  physically  more  complete  formulation  of  the  problem  will 
permit  it  to  be  completely  free  from  unstable  solutions. 
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